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(57) A local oscillator and its frequency switching 
method, in which local signals with less spuri- 
ous components can be obtained. There are 
provided with frequency generators for generat- 
ing signals with different frequencies and fre- 
quency dividers respectively connected to the 
generators. The dividers divide in frequency the 
signals to output them in an active mode, and 
output the signals without division in inactive 
mode. The dividers are controlled so that one of 
the dividers is in the active mode and the rest is 
in inactive mode. The output signals from the 
dividers are combined with each other to form a 
single output current and then is sent to a filter. 
The filter selects a component with a desired 
local frequency from the single output signal. 
Spurious components due to unselected fre- 
quencies are removed by the filter since they 
are not divided. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a local oscillator 
for radio-frequency ( RF ) communication systems 
and a frequency switching method of the oscillator, 
and more particularly, to a local oscillator for RF com- 
munication systems with frequency generators each 
of which generates a plurality of frequencies different 
from each other, and a frequency switching method 
of the oscillator. 

2. Description of the Prior Art 

Fig. 1 is a functional block diagram for showing a 
frequency switching method of a conventional local 
oscillator of this sort. 

In Fig. 1, there are provided with phase-locked 
loop (PLL) frequency synthesizers 1, each of which 
generates a plurality of frequencies from a single ref- 
erence frequency, and a switch circuit 2 which selects 
one of local signals with the respective frequencies to 
send it to an output terminal 5. Each of the synthes- 
izers 1 sends one of the frequencies generated to the 
switch circuit 3, and the frequencies sent from all the 
PLL synthesizers 1 are different from each other and 
belong to the same band of frequencies. The switch 
circuit 3 is generally composed of pin diodes for high- 
speed switching. 

With the conventional frequency switching meth- 
od, the circuit configuration of the local oscillator is 
simple, however, there are the following problems: A 
first problem is that all the synthesizers 1 operate si- 
multaneously and isolation between input and output 
ends of the switch circuit 3 is not enough for such the 
frequencies, so that the frequencies not selected by 
the switch circuit 3 are sent to the output terminal 5 
as spurious components. 

The reason is that the unwanted or spurious fre- 
quencies are easy to be sent to the output terminal 5 
at such the high frequencies since the pin diode used 
in the switch circuit 3 carry out its switching operation 
by changing the electric resistance between its input 
and output ends and the isolation characteristic be- 
tween these ends becomes degraded as its input fre- 
quency becomes higher. 

Since ail the frequencies generated by the re- 
spective synthesizers 1 belong to the same band of 
frequencies, it is not possible to remove the spurious 
components by using ordinary elements such as 
bandpass filters. As a result, in the case of the spec- 
ification about the spurious components being strict, 
the conventional frequency switching method shown 
in Fig. 1 is difficult to be applied to the local oscillator 
of the sort. 

To solve the problem about the spurious compo- 
nents, a sort of pin diodes providing sufficient isola- 


tion between their input and output ends at such the 
high frequencies may be employed in the switch cir- 
cuit 3. However, such the pin diodes are very expen- 
sive, resulting in high fabrication costs. 

5 The second problem of the above-mentioned 

conventional method is that whenever the local fre- 
quencies to be out putted are changed by the switch 
circuit 3, the loads of the respective synthesizers 1 
vary momentarily to cause fluctuation of the output 

10 frequencies from the synthesizers 1 . As a result, the 
frequency switching operation is not finished until the 
time the fluctuation of the frequencies is disappeared. 
This means that the switching time is made long, or 
a quick switching operation cannot be given. 

15 Fig. 2 is a block diagram for showing another con- 

ventional frequency switching method of a local oscil- 
lator of the sort, in which PLL frequency synthesizers 
11, a fixed-frequency oscillator circuit 12, frequency 
mixers circuits 13, bandpass filters 14 and a switch 

20 circuit 23 are provided. 

Each of the PLL frequency synthesizers 11 gen- 
erates first signals with different frequencies belong- 
ing to the same band of frequencies and outputs one 
of them to the corresponding mixer circuit 1 3. The os- 

25 cillator circuit 1 2 generates a second signal with a sin- 
gle, fixed frequency and outputs it to all the mixer cir- 
cuits 13. 

The frequencies from the synthesizers 11 and 
the fixed frequency from the oscillator 12 are in the 

30 following relationship: The sums or differences be- 
tween each of the frequencies from the synthesizers 
11 and the fixed frequency from the oscillator 12 are 
equal to desired local frequencies, respectively. 
Each of the mixer circuits 13 mixes in frequency 

35 the first signal from the corresponding synthesizer 1 1 
and the second signal from the oscillator circuit 12 to 
send it to the corresponding bandpass filter 14, re- 
sulting in a signal with the sum and difference of the 
frequencies from the corresponding synthesizer 11 

40 and the oscillator circuit 12 

Each cf the filters 14 removes a component with 
an undesired frequency, for example, the sum fre- 
quency, from the output signal of the corresponding 
mixer circuit 1 3 and transmits a component with a de- 

45 sired frequency, for example, the difference frequen- 
cy, to the switch circuit 23. The spurious components 
from the mixer circuits 13 are removed by the corre- 
sponding filters 14, respectively. 

The switch circuit 23 selects one of t he output sig- 

50 nals with the different frequencies from the bandpass 
filters 14 and send it to the dtitput terminal 1 5 as a de^ 
sired local signal, similar to the case as shown in Fig. 
1. 

Thus, with the conventional method shown in 
55 Fig. 2, the signals with the desired frequencies are 
sent to the switch circuit 23 after their spurious com- 
ponents being removed, so that the first problem can 
be solved. In addition, since the switch circuit 23 is 
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electrically connected to the frequency synthesizers 
11 through the corresponding frequency mixer cir- 
cuits 13 and bandpass filters 14, respectively, the 
loads of synthesizers 11 do not vary momentarily 
whenever the local frequency is changed and as a re- 5 
suit, the fluctuation of the local frequencies taken out 
from the output end 15 can be cancelled. This means 
that the above-mentioned second problem can be 
also solved. 

Yet, with the method shown in Fig. 2, in the case 10 
the input frequencies are higher and its specification 
about the spurious components is strict, the above- 
mentioned first problem about the spurious compo- 
nents remains unsolved due to insufficient isolation 
between the input and output ends of the switch cir- 15 
cuit 23. 

SUMMARY OF THE INVENTION 

Accordingly, an object of at least the preferred 20 
embodiments of the present invention is to provide a 
local oscillator and its frequency switching method in 
which a local signal with less spurious components 
than the prior art with low in fabrication cost and sim- 
ple in circuit configuration. 25 

A local oscillator according to a first aspect of the 
present invention has frequency generators for gen- 
erating signals different in frequency from each other, 
and frequency dividers respectively connected to the 
corresponding frequency generators to receive out- 30 
put signals from the corresponding frequency gener- 
ators. 

Each of the frequency dividers having an active 
operation mode and an inactive operation. mode, and 
in the active operation mode, dividing in frequency 35 
the output signal from the corresponding frequency, 
generator by a divide ratio n (n is integer, of two or 
more) to output the divided signal, and in the inactive 
operation mode, outputting the output signal without 
division. 40 

The frequency dividers are controlled so that one 
of the frequency dividers is in the active operation 
mode and the rest is in the inactive mode. 

Signals outputted from all the frequency dividers 
are combined with each other to generate a single 45 
output signal, and a component with a divided fre- 
quency is selected from the single output signal by a 
filter. A desired local signal is obtained at an output 
end of the filter. 

With the local oscillator of the first aspect, the fre- so 
quency dividers respectively connected to the corre- 
sponding frequency generators are controlled so that 
one of the divider is selected to be in the active mode, 
thereby dividing the output frequency from the corre- 
sponding frequency generator. Then, the filter trans- 55 
mits the component with the frequency obtained 
through division and stops the rest obtained without 
division. As a result, the component selected by the 


filter is taken out as the local signal. 

Since the rest component or components of the 
output signal from the combining means- is obtained 
without frequency division, it does not belong to the 
passband of the filter. Thus, the spurious compo- 
nents due to the restdoes not also belong to the pass- 
band, so that they can be removed by the filter. 

As a result, the local signal containing less spu- 
rious components than the prior art can be obtained. 

In addition, since expensive pin diodes are not re- 
quired to be employed, the fabrication cost of the lo- 
cal oscillator is made low and since complicated cir- 
cuits are not contained, the circuit configuration is 
also made simple. 

In a preferred embodiment, frequency multipliers 
are provided between the frequency dividers and the 
combining means, respectively. The multipliers multi- 
ply in frequency the respective output signals from 
the frequency dividers by m and send them to the 
combining means, where m is integer of two or more. 

In another preferred embodiment, a frequency 
multiplier is provided between the combining means 
and the filter. The multiplier multiply in frequency the 
output signal from the combining means by m and 
send them to the filter. 

A local oscillator according to a second aspect of 
the present invention has an oscillator generating a 
first signal with a fixed frequency of k times as much 
as a given frequency, where k is an integer of two or 
more, and frequency dividers respectively connected 
to the oscillator. 

Each of the frequency dividers receives the first 
signal from the oscillator and dividing in frequency the 
first signal by a divide ratio of k. The frequency divid- 
ers are controlled so that one of the frequency divid- 
ers is in operation and the rest is out of operation. 

Frequency generators generate second signals 
different in frequency from each other. 

An output signal from a corresponding one of the 
frequency dividers and the second signal from a cor- 
responding one of the frequency generators are 
mixed in frequency with each other. 

A component with a desired local frequency is se- 
lected from an output signal of a corresponding one 
of the frequency mixers to an operating one of the div- 
iders by a corresponding one of filters. The filters are 
respectively connected to the frequency mixers. 

With the local oscillator of the second aspect, the 
first signal with the fixed frequency of k times as 
much as the given frequency, which is generated by 
the oscillator, is distributed to all the frequency divid- 
ers and divided in frequency by k there. The frequen- 
cy dividers are so controlled that one of the dividers 
corresponding to the local frequency required is in op- 
eration, and its output signal thus divided by k in fre- 
quency is frequency-mixed with the second signal 
from the corresponding one of generators in the cor- 
responding mixer. 
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Since the rest of the dividers are not in operation, 
the spurious components which are sent to the rest 
of the mixers have frequencies of k times as much as 
those to be mixed. Then, the frequencies of the spu- 
rious components do not belong to the passbands of 5 
the filters, respectively. Therefore, the spurious com- 
ponents can be removed by the filters, resulting in the 
local signal containing less spurious components 
than the prior art. 

In addition, similar to that of the first aspect, the 10 
fabrication cost of the local oscillator is low and the 
circuit configuration is also simple. 

According to a third aspect of the present inven- 
tion, a frequency switching method of a local oscillator 
is provided, in which signals different in frequencies 15 
are generated by using frequency generators. And 
one of the signals is divided in frequency by a divide 
ratio n (n is an integer of two or more), by controlling 
frequency dividers respectively connected to the fre- 
quency generators so that one of the frequency div- 20 
iders is in an active operation mode and the rest is in 
an inactive operation mode. 

An output signal from one of the frequency divid- 
ers, which is in an active operation mode, and an out- 
put signal or output signals from the rest of the fre- 25 
quency dividers, which is in an inactive operation 
mode, are combined with each other, thereby gener- 
ating a single output signal. 

A component with a frequency obtained through 
the dividing step is selected from the single output 30 
signal as a local signal by using a filter. 

In a preferred embodiment, the respective output 
signals from the frequency dividers are multiplied in 
frequency by m to be combined, where m is integer of 
two or more by using frequency multipliers. 35 

In another preferred embodiment, the single out- 
put signal combined is multiplied in frequency by m to 
be sent to the filter. 

With the method of the third aspect, the same ef- 
fects as those of the first aspect can be obtained. 40 

According to a fourth aspect of the present inven- 
tion, a frequency switching method of a local oscillator 
is provided, in which a first signal with a fixed frequen- 
cy of k times as much as a given frequency by using 
an oscillator is generated, where k is an integer of two 45 
or more. And the first signal from the oscillator is div- 
ided in frequency by a divide ratio k by using frequen- 
cy dividers. 

The frequency dividers are connected to the os- 
cillator and controlled so that one of the frequency 50 
dividers is in operation and the rest is out of operation; 

Second signals with different frequencies by us- 
ing frequency generators are generated. 

The output signals from the frequency dividers 
are mixed in frequency with the second signals from 55 
the corresponding frequency generators by frequen- 
cy mixers, respectively. Components with desired lo- 
cal frequencies from the respective output signals of 


the frequency mixers are selected by using filters 
connected to the frequency mixers, respectively. 

The component with the desired local frequency 
is derived through one of the filters corresponding to 
an operating one of the frequency dividers. 

With the method of the fourth aspect, the same 
effects as those of the second aspect can be ob- 
tained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a functional block diagram of a conven- 
tional local oscillator. 

Fig. 2 is a functional block diagram of another 
conventional local oscillator. 

Fig. 3 is a functional block diagram of a local os- 
cillator according to a first embodiment of the present 
invention. 

Fig. 4 is a functional block diagram of a local os- 
cillator according to a second embodiment of the 
present invention. 

Fig. 5 is a functional block diagram of a local os- 
cillator according to a third embodiment of the present 
invention. 

Fig. 6 is a functional block diagram of a local os- 
cillator according to a fourth embodiment of the pres- 
ent invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention 
will be described below referring to Figs. 3 to 6. 

[First embodiment] 

As shown in Fig. 3, a local oscillator for an RF 
communication system according to a first embodi- 
ment of the present invention is composed of first and 
second PLL frequency synthesizers 31 and 32, first 
and second frequency dividers 33 and 34, a control 
circuit 40 for controlling the first and second frequen- 
cy dividers 33 and 34, frequency multipliers 35 and 
36, a combining circuit 37 and a bandpass filter 38. 

The first PLL fre quency synthesizer 31 generates' 
a signal with a variable frequency (n/m)^ which is 
(n/m) times in value as much as a frequency ^ to send 
it to the first fre quency divider 33, where n^m and n 
and m are integers of two (2) or more, respectively. 
The second PLL frequency synthesizer 32 generates 
a signal with a variable frequency (n/m)f 2 which is 
(n/m) times in value as much as a frequency f 2 to send 
it to the second frequency divider 34. These frequen- 
cies fi and f 2 are different in value from each other and 
belong to the same band of frequencies. 

The first frequency divider 33 receives an output 
signal with a frequency (n/m)^ from the first synthes- 
izer 31 and divide in frequency it by a divide, ratio n 
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in an active operation mode; then sends an output sig- 
nal with a frequency (l/m)^ thus obtained to the first 
frequency multiplier 35. Similarly, the second fre- 
quency divider 34 receives an output signal with a fre- 
quency (1/m)f 2 from the second synthesizer 32 and 5 
divide in frequency it by a divide ratio n in an active 
operation mode; then sends an output signal with a 
frequency (1/m)f 2 thus obtained to the second fre- 
quency multiplier 36. 

In an inactive operation mode, the first and sec- 10 
ond frequency dividers 33 and 34 receive the output 
signals from the first and second synthesizers 31 and 
32, and then send them to the first and second fre- 
quency multipliers 35 and 36 without frequency divi- 
sion or change, respectively. Therefore, in the inac- 15 
tive operation mode, the output signals from the first 
and second frequency dividers 33 and 34 have fre- 
quencies (n/m)^ and (n/m)f 2f respectively. 

The control circuit 40 controls the frequency div- 
iders 33 and 34 so that one of the dividers 33 and 34 20 
is in the active operation mode and the other is in the 
inactive one. 

The first frequency multiplier 35 receives the out- 
put signal from the first divider 33 and multiply in fre- 
quency it by a multiplication ratio m, then sends an 25 
output signal to the combining circuit 37. Similarly, 
the second frequency multiplier 36 receives the out- 
put signal from the second divider 34 and multiply in 
frequency it by a multiplication ratio m, then sends an 
output signal to the combining circuit 37. Therefore, 30 
the output signal from the first frequency multiplier 35 
has a frequency f t or nf 1f and the output signal from 
the second frequency multiplier 36 has a frequency f 2 
or nf 2 . 

The combining circuit 37 receives the output sig- 35 
nals from the first and second multipliers 35 and 36 
and combines them to generate a single output signal 
containing the frequency components of the both out- 
put signals, and then sends it to the bandpass filter 
38. 40 

Since the first and second frequency dividers 33 
and 34 are controlled by the control circuit 40 so that 
one of the dividers 33 and 34 is in the active opera- 
tion, mode and the other is in the inactive one, the 
output signal from the combining circuit 37 contains 45 
components with the frequencies f n and nf 2 in one 
case, and those of with the frequencies f 2 and nf| in 
another case. 

The bandpass filter 38 selectively transmits the 
components of the output signal with the frequencies 50 
U and f 2 , and stops the components thereof with the 
frequencies nf t and nf 2 . Since n is an integer of two 
(2.) or more, such a setup is possible practically. 
Then, the component with the frequency f t or f 2 thus 
transmitted is selectively sent to an output terminal 39 55 
as a local signal with a desired frequency. 

Preferably, cut-off frequencies of the bandpass 
filter 38 is set up as follows: 


In the case of n < m, the upper cut-off frequency 
is so set that signal components with the frequencies 
of (n/m)^ or less and (n/m)f 2 or less are stopped, and 
the lower cut-off frequency is so set that those with 
the frequencies of (2n/m)f 1 or more and (2n ? m)f 2 or 
more are stopped. For example, if n = 2 and m = 3, 
signal components with the frequencies of (2/3)^ or 
less and (2/3)f 2 or less are stopped and those with 
the.frequencies of (4/3)^ or more and (4/3)f 2 or more 
are stopped. 

In the case or n > m t the upper cut-off frequency 
is so set t hat signal components with the frequencies 
of (n/m)f t or more and (n/m)f 2 or more are stopped. 
The lower cut-off frequency is not required to be set; 
then, a low-pass filter may be used. 

Next, a frequency switching method of the local 
oscillator with the above-mentioned configuration is 
described below. 

When a local signal with the frequency f t is taken 
out from the output terminal 39, the first frequency 
divider 33 is controlled to be put into the active oper- 
ation mode and the second frequency divider 34 is 
into the inactive one. 

The signal with the frequency (n/m)^ generated 
in the first frequency synthesizer 31 is sent to the first 
frequency divider 33 and is divided in frequency by n 
to be sent to the first frequency multiplier 35. The out- 
put signal from the first divider 33 has the frequency 
(1/m)^. 

The signal with the frequency (n/m)f 2 generated 
in the second frequency synthesizer 32 is sent to the 
second frequency divider 34 and is sent to the second 
frequency multiplier 36 without frequency division. 
Therefore, the output signal from the second divider 
33 has the frequency (n/m)f 2 . 

The first frequency multiplier 35 multiplies in fre- 
quency the output signal from the first frequency div- 
ider 33. Then, an output signal with the frequency f, 
from the multiplier 35 is sent to the combining circuit 
37. Similarly, the second frequency multiplier 36 mul- 
tiplies in frequency the output signal from the second 
frequency divider 34. Then, an output signal with the 
frequency nf 2 from the multiplier 36 is sent to the com- 
bining circuit 37. 

The output signal from the first and second mul- 
tipliers 35 and 36 are combined with each other to 
form a single output signal containing the compo- 
nents with the frequencies f t and nf 2 in the combining 
circuit 37. 

As mentioned above, the bandpass filter 38 only 
transmits the components with the frequency f, and 
f 2 , so that in this case, only the signal component with 
the frequency f n is selected to be transmitted to the 
output terminal 39. Thus, a local signal with the fre- 
quency fi desired can be obtained. 

A local signal with the frequency f 2 can be taken 
out in the same sequence. In the case, the second 
frequency divider 34 is put into the active operation 
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mode and the first frequency divider 33 is put into the 
inactive one by the control circuit 40. 

The signal with the frequency (n/m)^ is sent to 
the first frequency divider 33 and is sent to the first 
frequency multiplier 35 without frequency multiplica- 
tion. The output signal from the first divider 33 has the 
frequency (n/m)^. 

The signal with the frequency (n/m)f 2 is sent to 
the second frequency divider 34 and divided in fre- 
quency by n to be sent to the second frequency mul- 
tiplier 36. The output signal from the second divider 
33 has the frequency (1/m)f 2 . 

The output signal with the frequency (n/m)^ from 
the first divider 33 is multiplied in frequency by m in 
the first multiplier 35 to be sent to the combining cir- 
cuit 37. The output signal from the first multiplier 35 
has the frequency nf v 

Similarly, the output signal with the frequency 
(1/m)^ from the second divider 34 is multiplied in fre- 
quency by m in the second multiplier 36 to be sent to 
the combining circuit 37. The output signal of the sec- 
ond multiplier 36 has the frequency nf 2 . 

The output signals from the first and second mul- 
tipliers 35 and 36 are combined with each other to 
form a single output signal containing the compo- 
nents with the frequencies nft and f 2 in the combining 
circuit 37. 

Only the signal component with the frequency f 2 
is selected to be transmitted to the output terminal 39 
by the bandpass filter 38. Thus, a local signal with the 
frequency f 2 desired can be obtained. 

As described above, with the frequency switch- 
ing method of the first embodiment, the first and sec- 
ond frequency dividers 33 and 34 are controlled so 
that one of the dividers 33 and 34 is put in the active 
operation mode, thereby obtaining the combined out- 
put signal with the component of the frequencies n^ 
and f 2 or that of the frequencies nf 2 arid f v Then, the 
component of the frequencies ^ or f 2 is selected by 
the filter 38 to be sent to the output terminal 39. 

As a result, the local frequency can be switched 
by changing the operation modes of the first and sec- 
ond frequency dividers 33 and 34. 

Since the unselect component has the frequency 
nfi or nf 2 , the spurious component, generated in the 
combining circuit 37 has the same frequency nf<i or 
nf 2 ; thus the spurious component can be removed by 
the filter 38. This means that the local frequencies 
with less spurious component than the prior art can 
be obtained. 

In addition, since expensive pin diodes are not re- 
quired to be employed as a switch circuit and compli- 
cated circuits are not contained, the fabrication cost 
of the local oscillator is low and the circuit configura- 
tion thereof is simple. 


[Second embodiment] 

A local oscillator for an RF communication system 
according to a second embodiment is shown in Fig. 4. 

5 The local oscillator of the second embodiment is the 
same in configuration as that of the first embodiment 
except that the output signals from the second fre- 
quency dividers 33 and 34 are combined with each 
other to form a single output signal prior to frequency 

10 multiplication and then the signal thus obtained is 
multiplied in frequency. 

Therefore, for the sake of simplification of explan- 
ation, the same reference numbers as those in Fig. 3 
are attached to the corresponding elements in Fig. 4, 

15 and description about them is omitted. 

In Fig. 4, as stated above in the first embodiment, 
the first and second frequency divider 33 and 34 div- 
ide in frequency by the given divide ratio n their input 
signals in the active operation mode, and does not 

20 divide them in the inactive operation mode. 

A combining circuit 41 combines the output sig- 
nals from the first and second frequency dividers 33 
and 34 with each other to form a single output signal 
including the components with their both frequen- 

25 cies; then the output signal combined is sent to a fre- 
quency multiplier 42. 

The first and second frequency dividers 33 and 
34 are so controlled that one of them is in the active 
operation mode and the other is in the inactive one, 

30 so that the output, signal from the combining circuit 
41 includes the components with the frequencies 
(l/m)^ and (n/m)f 2 in one case, and with those (n/m)^ 
and (1/m)f 2 in another case. 

The frequency multiplier 42 receives the output 

35 signal from the combining circuit 41 and multiplies it 
in frequency by m to send a signal thus obtained by 
frequency multiplication to the bandpass filter 38. 
Therefore, the output signal from the multiplier 42 in- 
cludes the components with the frequencies f t and 

40 nf 2 in one case, and with those n^ and f 2 in another 
case. 

The bandpass filter 38 has a function that the 
components with the frequencies ^ and f 2 are trans- 
mitted and those n^ and nf 2 are stopped, so that the 

45 output signal from the filter 38 includes the compo- 
nent with the frequency f| or f 2 , which is sent to the 
output terminal 39 as a desired local signal. 

Next, a frequency switching method of the local 
oscillator of the second embodiment is explained. 

so When a local signal with the frequency f, is taken 

out from the output terminal 39, the first frequency 
divider 33 is put into the active operation mode and 
the second frequency divider 34 is put into the inac- 
tive one by the control circuit 40. 

55 The signal with the frequency (n/m)f t from the 

first frequency synthesizer 31 is sent to the first fre- 
quency divider 33 and is divided by n to be sent to the 
combining circuit 41. The output signal from the first 
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divider 33 has the frequency (1/m)fi. On the other 
hand, the signal with the frequency (n/m)f 2 from the 
second frequency synthesizer 32 is sent to the sec- 
ond frequency divider 34 and is sent to the combining 
circuit 41 without frequency division. The output sig- 
nal from the second divider 33 has the same frequen- 
cy (n/m)f 2 as that in the first synthesizer 31 . 

The output signals from the first and second div- 
iders 33 and 34 are combined with each other to form 
the single output signal containing the components 
with the frequencies (l/m)^ and (m/n)f 2 in the com- 
bining circuit 37. The signal thus obtained through 
combination is then sent to the frequency multiplier 
42 to multiply in frequency by m, resulting in the out- 
put signal with the frequencies U and nf 2 . The output 
signal thus obtained is then sent to the bandpass fil- 
ter 38. 

As the bandpass filter 38 only transmits the com- 
ponents with the frequency fi and f 2 , so that only the 
signal component with the frequency f-j is selected to 
be transmitted to the output terminal 39. Thus, a local 
signal with the frequency f, can be obtained. 

A local signal with the frequency f 2 can be taken 
out in the same sequence. In the case, the first fre- 
quency divider 33 is put into the active operation 
mode and the second frequency divider 34 is put into 
the inactive one. 

In the combining circuit 41, the output signals 
with the frequencies (n/m)^ and (1/m)f 2 from the first 
and second dividers 33 and 34 are combined with 
each other to form a single output signal containing 
the both components. 

The output signal with the frequencies (n/m)^ 
and (1/m)f 2 from the combining circuit 41 is multiplied 
in frequency by m in the multiplier 42 to be sent to the 
bandpass filter 38. The output signal from the multi- 
plier 42 has the frequencies nfi and f 2 . 

In the bandpass filter 38, only the signal compo- 
nent with the frequency f 2 is selected to be transmit- 
ted to the output terminal 39. Thus, a local signal with 
the frequency f 2 can be obtained. 

With the local oscillator and its frequency switch- 
ing method of the second embodiment, the same ef- 
fects as those in the first embodiment can be ob- 
tained. Besides, there is an additional advantage that 
a circuit configuration of the local oscillator is simpler 
than that of the first embodiment since only one fre- 
quency multiplier is required. 

[Third Embodiment] 

Fig. 5 shows a local oscillator for an RF commu- 
nication system according to a third embodiment of 
the present invention. This oscillator is the same as 
those of the first and second embodiments except 
that no frequency multiplier is provided, and equiva- 
lent to those of the first and second embodiments in 
which m = 1. Therefore, for the sake of simplification 


of explanation, the same reference numbers as those 
in Fig. 3 or 4 are attached to the corresponding ele- 
ments in Fig. 5, and description about them is omitted. 
In Fig. 5, a first PLL frequency synthesizer 31a 
5 generates a signal with a variable frequency nf\ which 
is n times as much as a frequency fj to send it to the 
first frequency divider 33. A second PLL frequency 
synthesizer 32a generates a signal with a variable 
frequency nf 2 which is n times as much as a frequency 
10 f 2 to send it to the second frequency divider 34. 

The first frequency divider 33 divides in frequen- 
cy by the divide ratio n the output signal with the fre- 
quency nfi from the first synthesizer 31a to generate 
an output signal with the frequency ^ in the active op- 
ts e rati on mode. In the inactive operation mode, the div- 
ider 33 does not carry out the operation of frequency 
division, and the output signal with the frequency nf, 
is sent to the combining circuit 41 without frequency 
change. 

20 Similarly, the second frequency divider 34 div- 

ides in frequency by the divide ratio n the output sig- 
nal with the frequency nf 2 from the second synthes- 
izer 32a to generate an output signal wit h the frequen- 
cy f 2 in the active operation mode. In the inactive op- 

25 eration mode, the divider 34 does not carry out the 
operation of frequency division, and the output signal 
with the frequency nf 2 is sent to the combining circuit 
41 without frequency change. 

The first and second frequency dividers 33 and 

30 34 are so controlled that one of them is in the active 
operation mode and the other is in the inactive one, 
similar to the first and second embodiments. 

A combining circuit 41 combines the output sig- 
nals from the first and second frequency dividers 33 

35 and 34 with each other to form a single output signal 
including the components with their both frequen- 
cies. Then, the output signal thus combined is sent to 
the bandpass filter 41. 

The first and second frequency dividers 33 and 

40 34 are so controlled that one of them is in the active 
operation mode and the other is in the inactive one, 
so that the output signal from the combining circuit 41 
has the components with the frequency ^ and nf 2 in 
one case, and with those nf t and f 2 in another case. 

45 In the bandpass filter 38, the component with the 

frequency ^ is selectively transmitted to the output 
terminal 39 as a local signal in one case. In another 
case, the component with the frequency f 2 is selec- 
tively transmitted to the output terminal 39 as a local 

50 signal. 

A frequency switching method of the local oscil- 
lator of the third embodiment is the same as those of 
the first and second embodiments except that no fre- 
quency multiplication is carried out. 

55 With the local oscillator and its frequency switch- 

ing method of the third embodiment, the same effects 
as those in the first and second embodiments can be 
obtained. Besides, there is an additional advantage 
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that a circuit configuration of the local oscillator is 
simpler than that of the second embodiment since no 
frequency multiplier is required. 

[Fourth Embodiment] 

As shown in Fig. 6, a local oscillator for an RF 
communication system according to a fourth embodi- 
ment of the present invention is composed of f irst-and 
second PLL frequency synthesizers 51 and 52, an os- 
cillator circuit 61, first and second frequency dividers 
53 and 54, a control circuit 60 for controlling the first 
and second frequency dividers 53 and 54, first and 
second frequency multipliers 55 and 56, and first and 
second bandpass filters 57 and 58. 

The first PLL frequency synthesizer 51 generates 
a signal with a variable frequency f^ to send it to the 
first frequency multiplier 55. The second PLL frequen- 
cy synthesizer 52 generates a signal with a variable 
frequency f 2 to send it to the second frequency mul- 
tiplier 56. These frequencies f/ and f 2 are different 
from each other and belong to the same band of fre- 
quencies. 

The oscillator circuit 61 generates a signal with a 
fixed frequency kf 0 which is k times in value as much 
as a frequency f 0 to send it to both of the first and sec- 
ond frequency dividers 53 and 54, where k is an inte- 
ger of two (2) or more. 

The frequencies V, f 2 and f 0 are in the following 
relationship: The sum or difference between the fre- 
quencies f," and f 0 are equal in value to a local fre- 
quency, and the sum or difference between the fre- 
quencies f 2 ' and f 0 are equal in value to another local 
frequency. 

The first frequency divider 53 receives the output 
signal with the frequency kf 0 from the oscillator circuit 
61 and divide in frequency it by a divide ratio k; then 
sends an output signal with the frequency f 0 thus ob- 
tained to the first frequency mixer 55. Similarly, the 
second frequency divider 55 receives the output sig- 
nal with the frequency kf 0 from the oscillator circuit 61 
and divide in frequency it by the same divide ratio k; 
then sends an output signal with the frequency f 0 thus 
obtained to the second frequency mixer 56. 

The control circuit 60 controls the frequency div- 
iders 53 and 54 so that one of the dividers 53 and 54 
is in operation and the other is out of operation. Dif- 
ferent from those in thef irst to third embodiments, the 
first or second divider 53 or 54 which is out of opera- 
tion or stops operating does not output any signal to 
the corresponding one of the first and second fre- 
quency mixers 55 and 56. 

The first frequency mixer 55 receives the output 
signal with the variable frequency V from the first 
synthesizer 51 and the output signal with the fixed 
frequency f 0 from the first divider 53, and then mixes 
them in frequency with each other to send an output 
signal thus mixed to the first bandpass filter 57. 


Therefore, the output signal from the first frequency 
mixer 55 contains the components with the sum (f/ + 
f 0 ) and the difference | V - f 0 1 of the two frequencies 
ft' and f 0 . 

5 Similarly, the second frequency mixer 56 re- 

ceives the output signal with the variable frequency 
f 2 ' from t he second synthesizer 52 and the output sig- 
nal with the fixed frequency f 0 from the second divider 
54, and mixes them in frequency with each other to 

10 send an output signal thus mixed to the second band- 
pass filter 58. Therefore, the output signal from the 
second frequency mixer 56 contains the components 
with the sum (f 2 + f 0 ) and the difference |f 2 - f 0 1 of 
the two frequencies f 2 and f 0 . 

15 The first bandpass filter 57 has a passband in 

which the component with the sum frequency (V + f 0 ) 
or the difference frequency If^-fol in the output sig- 
nal from the first mixer 55 is selectively transmitted, 
so that one of the sum and difference frequencies is 

20 sent to an output terminal 59 as a local signal with a 
desired frequency. 

Similarly, the second bandpass filter 58 has a 
passband in which the component with the sum fre- 
quency (f 2 + f 0 ) or the difference frequency | f 2 - f 0 1 

25 in the output signal from the second mixer 56 is se- 
lectively transmitted, so that one of the sum and dif- 
ference frequencies is sent to an output terminal 59 
as a local signal with another desired frequency. 
With the local oscillator of the fourth em bod i- 

30 ment, local frequency switching is carried out as fol- 
lows: 

First, when a local signal is taken out through the 
first filter 57, the first frequency divider is put into op- 
eration by the control circuit 60, and the second fre- 

35 quency divider 54 does not operate. 

The signal with the fixed frequency kf 0 generated 
in the oscillator 61 is divided in frequency by k in the 
first frequency divider 53 to be sent to the first fre- 
quency mixer 55 with the frequency being changed to 

40 f 0 . The first frequency mixer 55 mixes in frequency the 
output signal with the frequency f 0 from the first div- 
ider 53 and that with the frequency f/ from the first 
synthesizer 51 with each other thereby to generate 
an output signal containing the components with the 

45 sum frequency (f^ + f 0 ) and the difference frequency 
|fi' - fo I , which is sent to the first bandpass filter 57. 

If the sum frequency (ft 1 + f 0 ) is equal to the local 
frequency, the first bandpass filter 57 selectively 
transmits the signal component with the sum fre- 

so quency to the output terminal 59. If the difference fre- 
quency I V - f 0 1 is equal to the local frequency, it se- 
lectively transmits the signal component with the dif- 
ference frequency to the output terminal 59. 

Here, since the second frequency divider 54 is 

55 not put into operation, no signal is outputted from the 
second frequency divider 54. Therefore, only the out- 
put signal with the frequency f 2 from the second fre- 
quency synthesizer 52 is inputted to the second fre- 
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quency mixer 56 . Then the second frequency mixer 
56 sends an output signal containing only the compo- 
nent with the frequency f 2 to the second filter 58. The 
frequency f 2 is in outside of the pass band of the filter 
58, so that the output signal cannot pass through the 
filter 58, and as a result, no signal is outputted to the 
output terminal 59. 

Thus, an output signal with a desired local fre- 
quency (f/ + f 0 ) or I U* - f 0 1 can be obtained. 

Similarly, when a local signal is taken out through 
the second f iltrer 58, only the second frequency div- 
ider is put into operation by the control circuit 60. 

The signal with the fixed frequency kf 0 generated 
in the oscillator 61 is divided by k in the second fre- 
quency divider 54 to be sent to the second frequency 
mixer 56 with the frequency being changed to f 0 . The 
second frequency mixer 56 mixes the output signal 
with the frequency f 0 and that with the frequency 
f 2 from the second synthesizer 52 with each other to 
generate an output signal containing the components 
with the sum frequency (f 2 + f 0 ) and the difference 
frequency | f 2 * - f 0 1 , which is sent to the second band- 
pass filter 58. 

Similar to the first bandpass filter 57, the signal 
component with the sum frequency (f 2 + f 0 ) or with 
the difference frequency | f 2 - f 0 1 is selectively trans- 
mitted to the output terminal 59 as a local frequency, 

Because no signal is outputted from the first fre- 
quency divider 53, no signal is outputted to the output 
terminal 59 through the first bandpass filter 57. Thus, 
an output signal with a local frequency (f 2 + f 0 ) or I f 2 - 
f 0 l can be taken out from the terminal 59. 

As described above, with the local oscillator of 
the fourth embodiment, the spurious component is 
sent from the first or second frequency divider 53 or 
54 which is not in operation. The frequency of the spu- 
rious component is kf 0 which is k times as much as 
that required for generating local frequencies, or f 0 . 
Therefore, when the frequency kf 0 is mixed with the 
frequency V or f 2 ' of the output signal from the first or 
second synthesizer 51 or 52 in the corresponding fre- 
quency mixer, its output frequency becomes Iv ± 
kf 0 i or | V ± kf 0 1 . 

The frequencies | f n * ± kf 0 1 and |f 2 +kf 0 l can be 
easily removed by the corresponding filter 57 or 58, 
respectively by setting the respective passbands of 
the filters 57 and 58 so that the spurious frequencies 
I f/ ± kf 0 1 and I f 2 ± kf 0 1 are outside of their pass- 
bands, respectively. 

In Fig. 6, the output ends of the first and second 
filters 57 and 58 are connected directly to the output 
end 59, however, it is preferable that the output ends 
of the filters 57 and 58 are connected through a 
switch circuit composed of pin diodes or the like or a 
hybrid transformer, practically. 

With the local oscillator and its frequency switch- 
ing method of the fourth embodiment, the same ef- 
fects as those in the first to third embodiments can be 


obtained. 

In the first to fourth embodiments, there are pro- 
vided with two PLL frequency synthesizers, however, 
three or more synthesizers and their related elements 

5 such as frequency dividers and filters may be provid- 
ed as occasion demands. 

Thus to summarise, there is disclosed a local os- 
cillator and its frequency switching method, in which 
local signals with less spurious components can be 

10 obtained. There are provided with frequency genera- 
tors for generating signals with different frequencies 
and frequency dividers respectively connected to the 
generators. The dividers divide in frequency the sig- 
nals to output them in an active mode, and output the 

15 signals without division in inactive mode. The dividers 
are controlled so that one of the dividers is in the ac- 
tive mode and the rest is in inactive mode. The output 
signals from the dividers are combined with each 
other to form a single output current and then is sent 

20 to a filter. The filter selects a component with a de- 
sired local frequency from the single output signal. 
Spurious components due to unselected frequencies 
are removed by the filter since they are not divided. 

25 

Claims 

1. A local oscillator for an RF communication sys- 
tem, comprising: 

30 frequency generators for generating sig- 

nals, said signals being different in frequency 
from each other, 

frequency dividers each respectively con- 
nected to a corresponding frequency generator to 

35 receive an output signal from said corresponding 

frequency generator; 

each of said frequency dividers having an 
active operation mode and an inactive operation 
mode, and in said active operation mode, dividing 

40 in frequency said output signal from said corre- 

sponding frequency generator by a divide ratio n 
(n is integer of two or more) to output said divided 
signal, and in said inactive operation mode, out- 
putting said output signal without division; 

45 control means for controlling said frequen- 

cy dividers to that one of said frequency dividers 
is in said active operation mode and the or each 
of the others is in said inactive mode; 

combining means for combine signals out- 

50 putted from all of said frequency dividers with 

each other to generate a single output signal; and 
a filter for selecting a component with a 
divided frequency from said single output signal 
from said combining means, thereby obtaining a 

55 desired local signal at an output end of said filter. 

2. A local oscillator as claimed in claim 1, further 
comprising frequency multipliers provided be- 
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tween said respective frequency dividers and 
said combining means, each of said multipliers 
multiplying in frequency each of said output sig- 
nals from said frequency dividers by a multiplica- 
tion ratio m (m is an integer of two or more) and 
sending said output signal thus multiplied to said 
combining means. 

3. A local oscillator as claimed in claim 1, further 
comprising a frequency multiplier provided be- 
tween said combining means and said filter, said 
multiplier multiplying in frequency said single out- 
put signal from said combining means by a mul- 
tiplication ratio m (m is an integer of two or more) 
and sending said output signal thus multiplied to 
said filter. 

4. A local oscillator as claimed in claim 2 or 3, where- 
in said multiplication ratio m is larger in value than 
said divide ratio n, and said filter stops signal 
components with frequencies of (n/m) times as 
much as said frequencies from said frequency 
generators or less and those with frequencies of 
(2n/m) times as much as said frequencies from 
said frequency generators or more. 

5. A local oscillator as claimed in Claim 2 or Claim 
3, wherein said multiplication ratio m is smaller in 
value than said divide ratio n, and said filter stops 
signal components with frequencies of (n/m) 
times as much as said frequencies from said fre- 
quency generators or more. 

6. A local oscillator for an RF communication sys- 
tem, comprising: 

an oscillator generating a first signal with 
a fixed frequency of k times as much as a given 
frequency, where k is an integer of two or more; 

frequency dividers respectively connected 
to said oscillator, each of said frequency dividers 
receiving said first signal from said oscillator and 
dividing in frequency said first signal by a divide 
ratio of k; 

control means for controlling said frequen- 
cy dividers so that one of said frequency dividers 
is in operation and the or each of the remainder 
is out of operation; 

frequency generators for generating sec- 
ond signals, said second signals being different 
in frequency from each other; 

frequency mixers, each of which mixes in 
frequency an output signal from a corresponding 
one of said frequency dividers with said second 
signal from a corresponding one of said frequen- 
cy generators; 

filters respectively connected to said fre- 
quency mixers, each of which selects a compo- 
nent with a desired local frequency from an output 


signal of a corresponding one of said frequency 
mixers; and 

an output terminal connected to all of said 

filters; 

s wherein said component with said desired 

local frequency is derived through the one of said 
filters corresponding to the operating one of said 
frequency dividers. 

10 7. A frequency switching method of a local oscillator 
for an RF communication system, said method 
comprising the steps of: 

generating signals different in frequencies 
by using frequency generators; 

15 dividing in frequency one of said signals by 

a divide ratio n (n is an integer of two or more) by 
controlling frequency dividers respectively con- 
nected to said frequency generators so that one 
of said frequency dividers is in an active operation 

20 mode and the or each of the others is in an inac- 

tive operation mode; 

combining an output signal from one of 
said frequency dividers which is in an active op- 
eration mode and an output signal or output sig- 

25 nals from the or each of the remainder of said fre- 

quency dividers which is in an inactive operation 
mode with each other, thereby generating a sin- 
gle output signal; and 

selecting by using a filter a component 

30 with a frequency obtained through said dividing 

step from said single output signal of said combin- 
ing means as a local signal. 

8. A frequency switching method as claimed in 
35 Claim 7, wherein said output signals from said fre- 
quency dividers are sent to said combining 
means after multiplying in frequency by a multipli- 
cation ratio m (m is an integer of two or more) us- 
ing frequency multipliers provided between said 

40 respective frequency dividers and said combining 

means. 

9. A frequency switching method as claimed in 
Claim 7, wherein said single output signal from 

45 said combining means is sent to said fitter after 

multiplying in frequency by a multiplication ratio m 
(m is an integer of two or more) by using a fre- 
quency multiplier provided between said combin- 
ing means and said filter. 

so 

10. A frequency switching method as claimed in 
Claim 8 or 9, wherein said multiplication ratio m 
is larger in value than said divide ratio n, and said 
filter stops signal components with frequencies 

55 (n/m) times as much as said frequencies from 

said frequency generators or less and those with 
frequencies of (2 n/m) times as much as said fre- 
quencies from said frequency generators or 
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more. 

11. A frequency switching method as claimed in 
Claim 8 or 9, wherein said multiplication ratio m 

is larger in value than said divide ratio n f and said 5 
filter stops signal components with frequencies of 
(n/m) times as much as said frequencies from 
said frequency generators or less and those with 
frequencies of (2n/m) times as much as said fre- 
quencies from said frequency generators or 10 
more. 

12. A frequency switching method of a local oscillator 
comprising the steps of: 

generating a first signal with a fixed fre- 15 
quency of k times as much as a given frequency 
by using an oscillator, where k is an integer of two 
or more; 

dividing in frequency said first signal by a 
divide ratio k by using frequency dividers, said fre- 20 
quency dividers being connected to said oscilla- 
tor and being controlled so that one of said fre- 
quency dividers is in operation and the or each of 
the remainder is out of operation; 

generating second signals with different 25 
frequencies by using frequency generators; 

mixing in frequency by using frequency 
mixers said output signals from said frequency 
dividers with said second signals from said cor- 
responding frequency generators, respectively; 30 
and 

selecting by using filters components with 
desired local frequencies from said respective 
output signals of said frequency mixers, said fil- 
ters being connected to said frequency mixers, 35 
respectively; 

wherein said components with said de- 
sired local frequency is derived through one of 
said filters corresponding to an operating one of 
said frequency dividers. 40 
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